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Cape Ca Mau
(Bai-bung)
Vietnam

Kota Bharu
Malaysia

Gulf of Thailand

Area: 320,000 km2

Length: 800 km
Width: 560 km
Max. Depth: 85 m
Ave. Depth: 58 m
Water Vol.: 12,510 km3

(Stansfield & Garrett 1997)

Geographical Feature

Gulf of
Thailand

South
China Sea

Pacific
Ocean

Many Tourist Spots

Many
Fishing Products

Competition of Land Area
(and highest mountain)
Thailand: 513,120km2/2,576m(Doi Inthanon)
Japan: 377,972km2/3,776m(Mount Fuji)

Competition of Sea Area
(and greatest depth)

Sea of Japan: 978,000km2/3,742m

Gulf of Thailand: 320,000km2/85m
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(in Northern hemisphere)

(in Northern hemisphere)

South-West Monsoon Season

North-East Monsoon Season

Equatorial Line

S-E Trade Wind

N-E Trade Wind

NE Trade
Wind

SE Trade
Wind

Convergence

Divergence

Cloud Line

Warm air rising above equator region, makes 
convergence zone of NE and SE Trade winds.

Average ITCZ is shifted northward ｆrom the 
equatorial line by little, because the unbalance of 
total area of land and ocean between Southern and 
Northern hemisphere 

Rainy
Season

J F M A M J J A S O N D

Average air-temperature
and precipitation in BKK

at each month

(in Northern hemisphere)

(in Northern hemisphere)

Averaged monthly wind vectors over the Gulf of Thailand. (Source: 
http://www.remss.com/).

South-West
Monsoon

North-East
Monsoon

Inter-
monsoon

Inter-
monsoon

Higher
Solar
Altitude

Lower
Solar

AltitudeSouth-West Monsoon Season

North-East Monsoon Season

Seasonal Variations

SW wind component
Jul.

Dec.

45oT

 Seasonal Variation >> Standard Deviation (Year to Year Variation)
 In the Gulf: Large SW comp.
 In the Mouth of Gulf: Large NE comp.

Data Period: Jan. 2010 – Dec. 2016 (7-years)

Inter Monsoon Inter Monsoon
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Seasonal Variations
Sea Surface Temperature

May

Jan.

m
ax.

m
in

.

 Seasonal Variation >> Standard Deviation (Year to Year Variation)
 (First) Inter Monsoon (May), Max. SST
 Strongest NE monsoon wind (Jan.), Min. SST

Higher Solar
Altitude

Weak
+Wind

Mixing

Strong
+Wind

Mixing
Cold
Wind

Data Period: Jan. 2010 – Dec. 2016 (7-years)

Sea Surface P-Temperature(ºC)
Averaged Monthly data through the 26 years(1993-2018)

Dec Jan Feb
⇒ Cold water  
Apr May
⇒ Hottest

Copernicus GLOBAL_REANALYSIS_PHY_001_030
1/12º horizontal resolution and 50 vertical levels, daily and monthly data.
The model component is the NEMO platform driven at the surface by ECMWF ERA-Interim 
reanalysis. The model results are assimilated by satellite data and in situ observation data. 

Jan. Feb. Mar. Apr.

May Jun. Jul. Aug.

Sep. Oct. Nov. Dec.

Apr.Seasonal Variations
Sea Surface Salinity

Oct.

m
in

.

m
ax.

End of
Rainy

Season

End of
Dry

Season

 Seasonal Variation >>> Standard Deviation (Year to Year Variation)
 End of Dry Season (Apr.), Max. SSS
 End of Rainy Season (Oct.), Min. SSS

Strong Evaporation

+

Data Period: Jan. 2010 – Dec. 2016 (7-years)

SEAFDEC TD

River discharge
plume flow

Chao Phraya

Bang Pakong
Tha Chin

Mae Kong

BURANAPRATHEPRAT et al. 2008

River Discharge(Flow out)
after the rainy season

Oct.
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Sea Surface Salinity(psu)
Averaged Monthly data through the 26 years(1993-2018)

Copernicus GLOBAL_REANALYSIS_PHY_001_030
1/12º horizontal resolution and 50 vertical levels, daily and monthly data.
The model component is the NEMO platform driven at the surface by ECMWF ERA-Interim 
reanalysis. The model results are assimilated by satellite data and in situ observation data. 

Jan. Feb. Mar. Apr.

May Jun. Jul. Aug.

Sep. Oct. Nov. Dec.

Oct.・Nov.
⇒ Lowest water  
Jan. ・Feb.・ Mar.
⇒ Sal. Front

Question 1 Which is heavier, Same Volume Cold water or Warm water ?

Cold
10ºC

Warm
20ºC

Cold
10ºC

Cold
10ºC

Warm
20ºC

Warm
20ºC

Which?

Same Volume

Question 2 Which is heavier, Sama Volume Less-saline water or Saline water ?

Less S
20psu

Saline
30psu

Which?

psu: Practical Salinity Unit
≒ ‰ ＝％ ｘ 0.1

Less S
20psu

Less S
20psu

Saline
30psu

Saline
30psu

Saline: Higher salinity contents
Question 3 Which is larger, Same Weight Low-density water or High-density water ?

Low 
Density

High
Density

Which?

Low 
Density High

Density
Low 

Density

High
Density

Same Weight

Lager Lager

Smaller Smaller
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Question 4 Which is higher, Low-density water or High-density water in a U-tube,
when it balanced in a tube ?

Low 
Density

Question 5 Sea surface looks like a flat plane,
but by more widely view from space,
there are many bumps,
Sea surface is not flat (unlevel).

In a high water level area,
What kind of sea water 
there ?

In a low water level area,
What kind of sea water 
there ?

High water level area is over +100cm

Low water level area is under -100cm

Seasonal Variations
Dynamic Height (ｆrom density)

Aug.

Oct.

m
in.

m
ax

.

m
ax

.

May

SSS
Min.SST 

Max.

Data Period: Jan. 2010 – Dec. 2016 (7-years) Seasonal Variations
Sea Surface Height – from Satellite altimeter

Dec.

Jun.

m
ax.m

in
.

 Seasonal Variation >> Standard Deviation (Year to Year Variation)
 Dec. - Jan. : Max. SSH
 Jun. – Jul.  : Min. SSH
 Over 30cm difference

These do not correspond to
the Dynamic Height change
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Sea Surface Height(m)
Averaged Monthly data through the 26 years(1993-2018)

Copernicus GLOBAL_REANALYSIS_PHY_001_030
1/12º horizontal resolution and 50 vertical levels, daily and monthly data.
The model component is the NEMO platform driven at the surface by ECMWF ERA-Interim 
reanalysis. The model results are assimilated by satellite data and in situ observation data. 

Jan. Feb. Mar. Apr.

May Jun. Jul. Aug.

Sep. Oct. Nov. Dec.

Seasonal Variation

Sea Surface Height

Dynamic Height
Satellite SSH map

CT
D

St
at

io
ns

Dynamic Height

Tide Gage RecordsM
is

s 
M

at
ch

M
at

ch

Match

Sojisuporn et al. (2010)

Another Couse must be
(large seasonal change) needed…. Wind?

In a Open Ocean

Jul.

Dec.SW wind

Outward
Ekman
Transport

NE wind

Inward
Ekman

Transport

SW
Monsoon Season

NE 
Monsoon Season

What is “Ekman Transport” ?

Directly 
effected by 
wind, => 
Ekman Layer

“Oceanography” Tom Garrison

10-100m
depth

Vagn 
Walfrid
Ekman

(1874-1954) 

from “Atmosphere and 
Ocean in a Laboratory”

What is “Ekman Transport” ?

Net water transport in Ekman Layer 
is right-hand side to wind direction 
in northern hemisphere

Friction + Coriolis Force
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What is “Coriolis Force” ?

Gustave de Coriolis
(1792-1843) 
French, Scientist

1st time 2nd time

is an inertial or fictitious force that acts on 
objects in motion within a frame ⇒ the Earth

on a rotating table
anticlockwise ⇒
Northern hemisphere 

Experiment of Ekman Spiral

input a drop of 
red ink at the 
center of water tank

View from
Side

View from 
above

What is “Ekman Transport” ?

wind

wind

by Ekman transport

SW Wind

Ekman Transport
Warm Surface

Water

In the southwesterly monsoon season, 
Surface water in GoT will flow outer ward.

Sea level in GoT will get down

NE Wind

Ekman Transport
Surface Cool

Water

by Ekman transport

In the northeasterly monsoon season, 
Surface water our of GoT will inflow.

Sea level in GoT will rise up
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E. T. =
𝜏

𝜌𝑓
× 𝐿 × 10ି଺

Ekman Transport[Sv]

τ: Wind Stress (Monthly Ave.)
ρ: Surface Density (Monthly Ave.)

f: Coriolis Parameter (at 7oN)
L: Fetch(390km)

Kota
Bharu

Cape 
Ca Mau

Outward

Inward

Ekman Volume Transport

Sea Surface Height

Match to SSH

Satellite tracked 
drifter buoys

Global Drifter Program quality-
controlled 6-hour interpolated data 
from ocean surface drifting buoys. 

From far East Pacific and middle Pacific,  
Drifter buoys come enter the South China Sea 
and come close to the Gulf of Thailand. 

Some buoys enter into 
the inner Gulf,
But these buoys are rare, 
…small numbers

They enter into after NE 
monsoon season,  

Many buoys come along 
east coast of the Viet 
Nam in NE monsoon 
season,
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Almost buoys 
stopped 
at the mouth 
area of the 
Gulf,

Many buoys are staying 
around the entrance area 
of the Gulf for long time …

Surface buoys (and 
water)
can not enter the Gulf 
at surface ?

Dec.
2017

N-S SectionP-Temp. (oC)

N-S SectionSal. (psu)

Dec.
2017

Surface water front between inner warm, less salin, lower 
density water and outer cold, high salinity, higher density water.

Density

Dec.
2017

N-S Section

Density

Dec.
2017

N-S Section

NE WindStrong Density Front at the Gulf Mouth Area 

Ekman Transport

But, because buoy 
has a float,
It can not sink, can 
not across the front. 
Then, the buys stay 
around the mouth 
area…

Entered outer 
water by Ekman 
transport.
This dens water 
will drop into 
deep layer and 
enter the Gulf.

Summary

 Water in the GoT shows obvious seasonal variation.
・ Inter monsoon, warmest SST, weak wind effect.
・ SW monsoon, surface warm water flow out by

Ekman transport.
・ NE monsoon, cold saline water come to GoT

mouth area from South China Sea.
 This dens water sink at density front and flow into 

deep layer under less-dens GoT inner water.

 How about the effect to ecosystem in GoT?
 How about the water distribution pattern in GoT?


